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Isolat ion of Bacillus thuringiensis from tropica l  and subtropical 
soi l  samples 
Isolierung von Bacillus thuringiensis aus tropischen und subtropischen Bodenproben 
B. Zelazny and M. Wel l ing 
Abstract 
As part of attempts to fi nd i so l ates of Bacillus thuringiensis 
with specific toxicity to locusts , soil samples were collected 
from tropical  and subtropical countries , particular ly from arid 
and semi -arid areas frequented by locusts and grasshopper 
swarm s ,  and examined for the presence of this bacterium .  The 
present article deals with the isolation procedure and the 
preva lence of B. tlwringiensis in  the samples . Out of 456 soi l  
samples l04 contained B.  tlwringiensis , and  t he  estimated 
median concentration of colony forming units for al l  samples 
was about 4000 per g soi l .  In some countries , where soi l  
samples were taken at regular intervals along roads , B. tlwrin­
giensis could be found to be a common soi l  bacterium over 
stretches of more than 1 00 km .  Out of 1 76 B.  thuringiensis 
isolates obtained , 74 were toxic to larvae of the Lepidoptera 
Plute/Ja xylostella and Ephestia kuehnie/Ja . The abundance of 
B.  thuringiensis and taxonomical ly similar forms (B. cereus­
l i ke bacteria) was not significan t ly rclated in the samples .  
Zusammenfassung 
1 111 Rahmen e iner  Suche nach  8acillus-thuringiensis- l sol atcn , die spe­
z i fische Toxine gegen Heusch recken b i lden ,  wurden Bodenproben in  
tropischen  und subtropischen Ländern gesammel t ,  besonders in trok­
kenen Geb ieten , in denen Heuschreckenschwärme häufig  auftreten,  
und nach eiern Vorkommen d ieses Bakteriums h in untersuch t .  Die 
vorliegende Arbei t  beschre ibt  die lsol ierungsmethoden und die Häu­
figkeit des Auftretens von 8. thuringiensis in  den Bodenproben .  B. 
thuringiensis wurde in  J 04 von 456 Bodenproben gefunden ; der 
Durchschnit t  i n  all en  untersuchten Proben lag bei schätzungsweise 
4000 kolon ieb i ldcnden Einheiten pro g Boden . In e inigen Ländern , in 
denen die Proben i n  rege lmäßigem Abstand i n  der Nähe von Straßen­
rändern gesammelt  wurden , konnte B. thuringiensis a ls  ein häufig im 
Boden vorkommendes Bakter ium über Strecken von mehr  als 1 00 km 
nachgewiesen werde n .  Von 176 B. -thuringiensis- I so l aten aus den 
Untersuchungen waren 75 tox isch gegen Lcpidoptcrcn larvcn der 
Arten Plutel/a xylostel/a und Ephestia kuehniella . Zwischen der Häu­
figke i t  des Vorkommens von 8. thuringiensis und taxonomisch ver­
wandten Formen ( B . -cereus-ähnl ich )  i n  den P roben gab es kei ne 
statistisch s ignifi kante Beziehung.  
1 lntroduction 
Bacillus thuringiensis i s  an important biological con trol age n t ,  
frequen t ly  used agai nst a number o f  insect pests o f  t h e  orders 
Lepidoptera , Diptera and Coleoptera . The natural presence of 
th is  bacterium i n  the soil has been demonstrated in a n umber 
of countries (DE LuccA et a l . ,  198 1 ;  PADUA et a l . ,  1982 ; 0HßA 
and AI ZAWA , 1 986 ; MA RTIN and TRAVERS ,  1 989;  Y R I ESEN ,  
1 99 1 )  and soil samples have been a source of ncw B.  thurin­
giensis isolates . As part of attempts to find an i solatc of B. 
thuringiensis active agai nst locusts , we have isolated th is  bac­
terium from soil samples collccted in tropical  and subtropical 
countr ics ,  main l y  in arid or semi-arid areas where locust and 
grasshopper outbreaks occur frequentl y .  In thc fol lowing 
art ic lc wc describc the i so lation and some work with the B.  
thuringiensis isolates obtained .  Tests on locusts w i l l  be des­
cribed in  a subseq uent  artic le  (ZELAZNY and KELLE R ,  in 
preparat ion) . The investigations wcre carried out within thc 
framework of the GTZ-project " l n tegrated biological con trol 
of grasshoppers and locusts" . 
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2 Materia ls and methods 
2. 1 Soil samples
Soi l  samples were usua l ly  col lected 10 to 20 m away from road 
sides or travel l i ng  routes using a garden spatule which had 
been cleaned beforehancl w i th a l cohol . The top 5 cm of the 
soi l were removed and about 50 g o f  soi l was ex tracted , up  to a 
clepth of 20 cm , ancl placecl i n to  a steri le  plast ic bag. Most 
samples were dry at the time of col lection . Moist samples were 
a l lowed to dry out by keepi ng the plastic bags open for a few 
days at room temperature near the col lect ion s i t e .  About onc 
quarter of thc samples were col lected by col labora t ing persons 
l i s ted i n  thc  acknowledgcmcn t  sect ion . Thc sam ples wcre 
stored at 4 °C for up to l year before being processed .  Remo­
val of soil from the bags and processing of the samples  was 
clone under ster i le condi t ions .  I n  orcler to check on poss ib le 
con tami nat ions from the outs ide and between samples , ster i l e  
so i l  was  processecl alongs icle the actual samp les .  
2. 2 Standard iso/a tion procedure
Soi l samples were suspended i n  0. l M phosphate bu ffe r 
(pH 7 ) ,  at a rate  of about 1 g of soi l per l . 5 ml of buffer .  The 
rn ix ture was shaken on a test t ube vibrator for 30 sec t h cn  
heated i n  a water bath to  80 °C for 20  m i n .  After appropr ia te 
cl i l u tion ( usual ly  l :  1 00) , 1 00 µJ of the m i xture was spreacl on 
plates of 1 . 5 % buffered agar ,  con ta in ing 0 . 3  % peptone ,  
0 . 2  % tryptose , 0 .  L 5  % yeast extract , ancl 5 pprn M nCl2 ( 2  agar 
plates per sarnpl e ) .  Agar p lates were kept at 30 °C .  After 
1 clay , al l  colon ies were coun tecl ,  as wei l as those which 
resemblcd B. thuringiensis co lonies i n  shape and colora t ion  
( se lected colon ics ) .  After 2 clays ,  smears were preparecl for up  
to 20 selectecl ancl up to 5 unse lected colonies per sample . 
These were s ta i necl as described by SM I RNOFF ( 1962) ancl 
examined rn icroscopical l y  wi th  o i l  imrners ion . Al l  samples 
were processed twice . During thc seconcl t ime, the total nurn ­
ber of colon ies obta ined thc first t ime was used to adj ust the 
cl i l ution of thc heat - treatecl soi l  suspension so tha t  i t  produced 
be tween 1 00 and 500 colonics per agar plate . 
Colonies were classified as Bacillus thuringiensis when cel ls 
and spores were of typica l  form , s ize and shape and when 
crystals were rcleasecl during l y s i s .  I n  se lectecl cases this cl ass i ­
fi cat ion was  confi rmed by subjecting the co lon ies  to the  Gram , 
catalase , ancl Yoges-Proskauer tests ancl by growing thcrn 
under anacrobic cond i t ions . Colonies were cl assi fied as  B.
cereus-l ike when cel l s  and spores were iclen t i ca l  to B. thurin­
gie11sis in size , shape and stain ing propert ies ,  but d id  not 
procluce crys ta l s .  Separate est irna tes of the total B. thuri11gien­
sis colony forming  un i ts (CFU) per g soil were made frorn the 
exarninations of the selectecl and the unselectecl colonies ,  t hen  
both estimates were cornb i ned . 
2. 3 Sodium aceta te isolation
The above iso lat ion method was compared wi th  the sod ium 
acetate i so la t ion rnethod dcscribed by TRAVERS et a l . ( 1 987 ) 
for 104 soi l  sarnp les .  Howcver ,  after incubat ion in L brot h ,  the 
samples wcrc hcated in Er lenmeyer flasks i n  a watcr bath 
i nstead of the pasteurization device descr ibed by thc authors . 
2. 4 Bioassays 
All B.  thuringiensis i so la tes were bioassayecl aga inst  two Lepi ­
doptera specics . Cultures grown for at l east 5 days on thc 
above agar medium were washed,  centrifuged ( 1 0,000 rprn for 
LO min) , and resuspendccl 3 times . Srnal l  amounts of the 
resulting sporc-crystal mixtures , equivalen t  to about  107 CFU 
were pl aced on cabbage d i sks  (cli ameter 9 111 111 ) ,  al lowecl to  
dry , and fed to 1 0  carly 4 th  i nstar l arvae of Plu tel/a xy/ostella , 
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which were subsequen t ly  observed for 3 days . I n  a second test 
approx i rnatc ly 109 CFU wcre dried ancl rn ixed with 10  rn l of 
tlour .  Fifteen eggs of Ephestia kuehniella were placed on top 
of these 1r nx tures and the number of ernerging moths was 
subsequen t l y  recorded and compared with those developing i n  
untreated flour .  Isol atcs were regarded a s  tox ic  to Lepidoptera 
when l ess than ha l f  of t he  P. xylostella and E. kuehniella 
survived after adjusting for con t rol morta l i t ies . 
3 Resu lts and discussion 
B. tlwringiensis was found i n  104 out of 456 soi l  samples
(Tab . 1 ) .  Out of L 77 steri le soi l samples, p rocessed as controls
cluring the isolation proccdure ,  13  resultecl i n  the format ion of
colonies of spore -forrn ing bacteri a .  Howcver, none of the tota l
of 37 colon ies found on these plates con ta ined B. thuringien­
sis . Presumably most of these cases were cross-contarnina t ions
between sarnples as the dry soi l could deve lop some dust .
The est i matecl B. thuringiensis CFU per g soi l  are given i n  
Tab le 1 .  l n teresti ngl y ,  t hc h i ghest concen t rat ions o f  B. thurin­
giensis were found in the arid ancl semi-ari cl areas of northern 
and eastern Africa .  Of the 8 samples y i elding more than 
50,000 B. thuringiensis CFU per g soi l , 3 originatecl from the 
Sudan , 2 from Ethiopia ancl L each frorn N iger, Ma l i  and 
Senega l .  A lso wi th in  a country , so i l  sarnples r ich i n  B.  thurin ­
giensis were concentrated i n  certain  areas . An  exarnple i s  
g iven i n  Fig .  l for 73 samples col lected i n  the Sudan between 
the c i t ies of Khartoum and Kasala usua l ly  at interva l s  of 
10 km. The pH  of the samples from the i l l ustrated locat ions 
was not s ign i fi cantly corre l atecl to the abunclance of B.  thurin ­
giensis. 
Process ing 1 04 samples w i th  the sod ium acetate iso la t ion 
method produced fewer B.  thuringiensis colon ies than w i t h  the 
stanclard rnet hod . A select ive inhib i t ion of germination of B .
thuringie11sis spores dur i ng t he  iso la t ion procedure a s  
describecl b y  TRAVERS et a l . ( 1 987) coulcl no t  be  observed . I n  
sam ples processed w i t h  socl ium acetate , t h e  n umber o f  CFU 
was recluced by the factor 50 for B. thuringiensis and B. 
cereus- l i kc bacteri a ,  but  on ly  by the factor LO for other types 
of sporeform ing  bacteria (Table 2). Therefore , the latter over­
whe l med the former .  Actual l y ,  colonies formed by B. tlwrin­
giensis ancl by B. cereus- l i ke  bacteria can be selectecl wi th 
Tablc l .  I so la t ion of Bacillus thuringiensis from soi l samplcs and i ts  
tox1c1ty agamst  the two Lcpidoptera species P/ute//a xyloste/la and 
Ephestia k uehniel/a 
Country 
Bcnin 
Camcroon 
Egypt 
Ethiopia 
lncloncsia 
Kcnya 
Madagascar 
Mali 
N iger 
Phi l ippincs 
Senegal 
Sudan 
Yemen 
Total 
No. of 
samples 
examined 
66 
7 
8 
20 
34 
L9 
33 
1 2  
53 
26 
42 
1 25 
1 1
456 
" colony form i ng  units 
Sarnp l cs estirnatccl Isolatcs 
------------ act i vc  
w i th  
B. tlwr. 
1 3  
1 
1 
IO 
2 
4 
3 
4 
7 
9 
I J  
37 
2 
I04 
B .  thur. B .  thur. 
CFU" pe r isolatcs 
g soi l  cxamined 
506 2 1  
4 () 
1 82 2 
54 L J 6 1 2  
99 3 
276 4 
1 90 3 
7 364 9 
1 1 07 1 4  
1 683 1 3  
2 50 1  1 2  
4 1 74 77 
4 1  3 
4 277 1 76 
aga ins t  
Lepidop t .  
] 3  
0 
1 
0 
1 
0 
3 
8 
2 
5 
40 
1 
74 
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Fig .  1 .  Prevalencc of Bacillus thuringiensis in thc Sudan .  a long the 
road between Khartoum and Kasa l a .  and around Kasa l a .  
6 = no B. thuringiensis detectcd .  4 = up to 1 0.j B .  thu1111g1ensis 
colony forming un i ts (CFU) per g soi l . • = more than 1 0.j B.
thuringiensis CFU per g soi l .  
comparative certain ty  by the i r  shape , coloration a n d  speed o f  
growth on  t h e  med ium usecl .  Therefore , a selective separat ion 
of B. thuringiensis from B.  cereus-l i ke colonies would a lso 
save considerable t ime clur ing the iso la t ion process . However ,  
s im i l ar ratios of B. thuringiensis to  B. cereus- l ike colon ies 
were obtainecl for the sodium acetate method ( 1 :  L8 .6 )  as wei l 
as for the standard method ( L : 2 1 . 8 ) .  The results confi rmed 
observations by VR I ESEN ( 199 1 )  on the sod ium aceta te 
method .  
The soil samples yielded a total of 1 76 isolates of B. thurin­
giensis. More than one isolate was taken from a soil sample if 
d i fferent forms of crysta ls  were producecl by the B. thuringien­
sis colonies .  Less t han  ha l f  of these isolates (74) showed, after 
washing ,  toxicity agai nst the two Lepicloptera species tested 
(Table 1 ) .  Of these , aga i n  less than half ( 33)  produced the 
bipyramidal crystal type usually associated with Lepidoptera 
tox ic i ty .  Eight other iso lates also produced this crystal type , 
but fai led to affect the two Lepidoptera species tested .  Com­
posi te crystals of the typical B. thuringiensis israe/ensis type 
were procluced by 23 isolates. The remain ing isol ates produced 
other crystal types , including crystals which did not stain with 
the Smirnoff stain ing method . 
Ratios of B. thuringiensis CFU to total CFU and ratios of B.  
cereus- l ike CFU to to ta l  CFU were computed as  measure-
Table 2. Comparison of two iso lat ion methods for B.  thuringiensis 
from soi l samples .  Wi th  the Standard method , soi l  suspensions were 
heated to 80 °C . The sod i um acetate method (TRAVERS et a l . ,  l 987) 
involves incubation in a l iqu id culture medium enriched with sod ium 
acetate before the heat  treatment  
Sporeforming bacte ria 
Bacillus tlwringiensis 
Bacillus cereus-like 
Others 
" colony forming un i ts 
Est imated CFU" per g soi l  
wi th standard 
method 
0 .48 X 1 0.j 
1 0 .60 X 1 0.j 
26 .08 X 1 0.j 
with sod i um 
acetate method 
0 .0 1 X 1 04 
0 .23 X l04 
2 . 5 3  X 1 04 
ments of their rel at ive abundance in the samples .  A regression 
between these two ratios was not statistical l y  signi ficant 
(r = -0 .09,  N = 104, probabi lity 0 . 36) , indicati ng that the pre­
valence of these two , close ly related types of bacteria is not 
infl uenced by the same environmental factors . 
The above resul ts confirmed the worldwide abundance of B.  
thuringiensis i n  soi l s .  We have  found that i t  can  be  also 
abundant in arid and semi -arid regions and that ! arger geo­
graphical areas exist where h igh concentrations of th i s  bac­
terium can be found .  No soi l or environmental factors , re l ated 
to the aggregation of th i s  bacterium i n  certa in areas, were 
obvious. However, B. thuringiensis i s  known to persist to 
different degrees in d i fferen t  types of soil (for a summary see 
DULMAGE and A IZAWA , 1 982) . 
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